Magnetic stimulation of the motor cortex (TCMS) was introduced by Barker et Lesions of the cortex would affect the generation of I waves, whereas subcortical strokes would affect only the descending pathways, leaving the cortex intact as an I wave generator. In order not to confound these effects we investigated a group of patients with pure pontine infarction. Finally, subclinical lesions may affect the results ofTCMS-for example, in multiple sclerosis2-and we were interested whether this holds also for ischaemic lesions.
Patients and methods
We examined 20 patients with pontine ischaemic infarction that had occurred over a period of two years. All patients had branch occlusion. Patients with basilar artery occlusion were not included in this study. Their mean age was 58-2 years, ranging from 23 to 77. All patients were treated in our department immediately after their stroke so that the results of the neurological examination were available from the hospital chart for the acute state in all 20 patients. Only patients who had hemiparesis at least initially for some days or weeks were included. Patients with transient ischaemic attacks were excluded. We excluded also seven patients with pure tegmental vascular syndromes (internuclear ophthalmoplegia, gaze paresis, etc) or with pure sensory stroke due to pontine infarction who had no paresis at any time.
For the purpose of this study neurological examination, transcranial magnetic stimulation, and somatosensory evoked potentials (SEP) were performed in four patients in the acute state alone one to 10 days after the stroke and in 13 patients in the chronic state alone two to 27 months (mean 12-5 months) after the stroke in our outpatient clinic. The remaining three patients were investigated in the acute as well as in the chronic state. Neurological examination included an estimation of the Figure 2 Severe left hemiparesis after pontine infarction. The response in the left APB is considerably delayed and reduced in amplitude. The patient was able to perform a slight preinnervation but it was much less than on the unaffected side as can be seen from the baseline values. However, without preinnervation no response could be evoked on the left, even with the highest stimulus intensities (not shown here).
cup to hold with their paretic hand; this resulted in a slightly better contraction in some patients.
Three stimuli were applied in each of the four conditions (active, relaxed; clockwise, anticlockwise). Right APB responses were evaluated only after anticlockwise stimulation and left APB responses after clockwise stimulation.11 The shortest onset latency that definitely was not part of the background contraction was measured, as well as the largest peak to peak amplitude. An amplitude ratio was calculated for the motor evoked potentials (MEP) (MEP affected side to MEP unaffected side). Magnetic stimuli were also applied over the lower cervical spine for measuring peripheral conduction time and calculating central motor conduction time (CMCT). CMCT values were compared with results in a normative study (table 1) performed in our laboratory. 1 For SEP the median nerve at the wrist was stimulated with an intensity that produced a well visible twitch. Needle recordings were made from C3' and C4' respectively using a frontal reference. Whereas TCMS was performed in seven patients during the acute state, SEP recordings were available in 16 for this period.
In all patients a pontine infarction was shown by magnetic resonance imaging (MRI, 15 Tesla; SE (2200/90)). If there was no lesion visible in the pons, or there was some doubt whether the lesion was responsible for the clinical syndrome, patients were excluded. Most of the patients had two MRI examinations, one in the acute and one in the chronic state. The lesion in the chronic state was often considerably smaller than that in the acute state, probably reflecting the disappearance of perifocal oedema.
Results

Clinical findings
At the time of the first TCMS investigation the degree of hand paresis was mild, moderate or severe in eight patients and one patient had plegia. In 11 patients the paresis had resolved at the time of the first TCMS investigation. All of these 11 patients initially had a hemiparesis of various degrees. Two patients with moderate paresis had mild paresis at repeat investigation and one patient improved from mild to none. In all cases the degree of proximal weakness was less pronounced than distally, taking into consideration also findings on admission in those patients whose paresis had resolved. In only one patient was the weakness more pronounced in the leg: in the remaining patients the arm was predominantly affected or weakness was balanced for arm and leg. Eleven patients in the chronic state showed increased tendon reflexes on the affected side, including the patients whose paresis had resolved. In four of these 11 patients manual dexterity was disturbed.
In addition to these motor findings, two patients had a transient gaze paresis, four gaze evoked nystagmus, two an incomplete sixth figure 2 ), yet the degree of background contraction, particularly with severe paresis, was much smaller than the degree on the unaffected side. CMCT findings on the unaffected side were normal. Figure 3 shows the difference in the corticomuscular latency (affected minus unaffected side). With this kind of evaluation the results are quite similar to those using the CMCT as shown in RATE SEVERE figure 1 . IS Paresis was also associated with a drop in as affected minus unaffected amplitude of the response ( figure 4) . The e patient with a carpal tunnel amplitude ratio of the affected to unaffected Plegia had to be excluded from side is shown in figure 5 . Patients with paresis had an amplitude ratio of less than 50%, and it~~~~~w as less than 40% if the degree of paresis was at least moderate. In patients whose paresis 12mv had resolved at the time of investigation ( figure   4b ) the amplitude ratio ranged from 40% to *i}7 .i . The wide range of the amplitude ratio in the -group with no paresis precluded a clear separation to the group with mild paresis. However, there was no overlap between the no paresis and moderate paresis groups. In active muscles the amplitude ratio was mostly higher, suggesting that the facilitating effect of preactivation was more pronounced on the paretic side (figure 5) .
SEP recordings Figure 6 shows the results of 31 SEP recordings in our 20 patients. Latency differences in the affected minus the unaffected side hardly exceeded 1 ms even in cases with an amplitude ratio of affected to unaffected side of less than 50%. With 50% as the lower limit of normal of the N20/P25 amplitude ratio, three patients had abnormal SEP and normal sensory examination results and four patients had normal SEP and abnormal sensory examination results. In the other patients both variables were in accordance. electrical stimulation.5 However, in most of their patients no response could be evoked at all so that no CMCT could be calculated. The CMCT in their patients as well as in ours was considerably prolonged but was still less delayed even with very small responses than it was in patients with multiple sclerosis.2
Demyelination is probably not the cause for the delayed CMCT in patients with stroke but more likely the need for temporal summation on the alpha motor neuron."3 This need emerges from the diminished spatial summation as a result of axonal damage. Further evidence for this mechanism is that SEPs were not delayed in our patients, even in those with clinical sensory involvement and an amplitude reduction in N20. Normal latency of SEP with increased CMCT has also been reported before.6 The pyramidal tract lesion may have been more severe than that of the medial lemniscus in our patients. However, even in the most severe strokes due to basilar artery thrombosis or pontine haemorrhage, the main SEP abnormality is reduction of amplitude with normal latency. 4 15 Amplitudes of motor evoked potentials have received only little attention in published work. This may be because of their inherent variability and the difference between sides of the body even in normal subjects, making their evaluation difficult in an individual patient. However, with respect to our group of hemiparetic patients there was a clear association between degree of paresis and amplitude reduction of the affected side expressed as the amplitude ratio. Complete loss of the potential was a common finding with electrical stimulation in patients with both cortical and capsular infarction and was observed even in patients with a mild paresis.' This is at variance with our 4 (c and d). We thank Mrs Seidel for secretarial help. Parts of this study will be included in SV's doctoral thesis.
